The clinical and pathological features of acute pulmonary oedema of high altitudes have been the subject of several recent reports (Houston, 1960; Hultgren et al., 1961; Penialoza, 1962; Arias-Stella and Kruger, 1963; Nayak, Roy, and Narayanan, 1964; Menon, 1965; Singh et al., 1965) , but the haemodynamic effects of the illness are not well delineated (Fred et al., 1962; Hultgren et al., 1964) . The purpose of this communication is to present data on the circulatory and respiratory parameters observed in (1) 6 subjects with high altitude pulmonary oedema studied at 3658 metres within 24 hours of the onset of the illness, and (2) 3 subjects restudied 5 times after recovery.
To evaluate the present findings, the major Because of tachycardia, the stroke volume index of haemodynamic parameters of the 5 subjects studied the 3 subjects was low, similar to the values obtained by Fred et al. (1962) and Hultgren et al. (1964) are by Hultgren et al.; the remaining 3 had normal grouped with our observations, and shown in Table values . Hultgren and coworkers (1964) had em-IV and Fig. 2 . The partial oxygen tension of the phasized the occurrence of severe pulmonary ararterial blood was not estimated in the previous terial hypertension in high altitude pulmonary studies, but the arterial oxygen saturations of 64 to oedema, but in their own subjects, only one patient 76 per cent recorded in 3 of their patients are within had severe increase in the pulmonary arterial the range of our observation of 54 to 86 per cent. pressure, and in the remaining 3 the pressure was The heart rate of the 4 subjects studied by Hultgren only moderately raised. The subject studied by et al. exceeded 105 beats a minute, 81 in Fred et al.'s Fred et al. had a pulmonary arterial systolic pressure patient, whereas the rate in 3 of our patients was of 68 mm. Hg. In the present series all the patients below 100, and in 1 the rate reached as high as 140 had moderate increases in pulmonary arterial a minute. Cardiac output index data, available only pressure ranging from 34 to 48 mm. Hg systolic. in 3 subjects, were between 2 5 and 3 0 l./min./m.2, It thus appears that an increase in the pulmonary similar to the output index observed in 3 of our arterial pressure in high altitude pulmonary oedema Because the pulmonary blood volume estimated in convalescents from high altitude pulmonary oedema was found to be higher than in those convalescing from high altitude pulmonary hypertension (Roy et al., 1965b) , and because there was an 80 per cent increase in the pulmonary blood volume in healthy soldiers when air-lifted from sea-level to 3658 m. within 48 to 72 hours of their arrival, a vulnerable period for high altitude pulmonary oedema (Roy et al., 1968) , it was surmised that the pulmonary blood volume grossly increased during high altitude pulmonary oedema (Roy, 1966) . The present findings did not support this assumption, for the pulmonary blood volume exceeded the upper limit of our normal value of 310 ml./m.2 (Roy et al., 1967) in only 2 subjects (Cases 2 and 3). There are two possible explanations for this. (1) The technique employed in the present study to measure the pulmonary blood volume estimates only the intravascular blood volume, and fluid which has already oozed out into the alveolar spaces is not accounted for. (2) The patients were acutely ill and had received one or more doses of intravenous morphine and frusemide, and it has been shown previously that morphine reduces the pulmonary blood volume (Roy et al., 1965c) . This is supported indirectly by the restudy data of Cases 5 and 6 in which the pulmonary blood volume increased considerably 4 to 8 weeks after the episode of oedema.
The total blood volume in 4 subjects exceeded the average normal values, but on restudy variable changes were seen. However, there was evidence of peripheral venous constriction. The average value of the forearm venous distensibility measured plethysmographically (Wood and Eckstein, 1958) in the pulmonary oedema subjects was only 2 8 ml./100 ml. forearm tissue, as against 4-4 ml./100 ml. in healthy subjects. Similar peripheral venous constriction and shift of the blood volume to the pulmonary circuit, with no change in the total blood volume, were also observed in healthy persons in the first 48 to 72 hours after their arrival by air at an altitude of 3658 m. (Roy et al., 1968) . The minute ventilation at BTPS was greatly increased, and even when converted to STPD it was still higher than average normal values, indicating hyperventilation. Added to this, was evidence of respiratory alkalosis (high pH and low Pco2). It is difficult to outline the sequence of events leading to high altitude pulmonary oedema. A possible mechanism may be the sudden accentuation of hypoxia due to a change in altitude, and/or exercise causing hyperventilation and respiratory alkalosis, raised pulmonary arterial pressure, and a shift of the blood volume from the periphery to the pulmonary circuit. It is also possible that hypoxia causes pulmonary capillary endothelial damage which, together with the increased pulmonary arterial pressure and blood volume, leads to pulmonary oedema of high altitude. SUMMARY Data on the circulatory and respiratory parameters of 6 subjects with high altitude pulmonary oedema studied at 3658 m. within 24 hours of the onset of the illness and of 3 subjects restudied after recovery are given. The pulmonary arterial pressure was raised in all subjects, but the pulmonary capillary, left atrial, and filling pressures of both the ventricles were normal. The cardiac output was reduced or normal despite tachycardia in 3 subjects. The pulmonary blood volume exceeded the upper limit of normal values in only 2 subjects, and the probable explanations for the discrepancy are outlined. It is postulated that the rapid accentuation of hypoxia causing a rise in pulmonary arterial pressure, marked peripheral vasoconstriction shifting the blood volume to the pulmonary circuit, and damaged pulmonary capillary endothelial lining, may be a possible mechanism of acute pulmonary oedema of high altitude.
